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Validity of pleural lactate dehydrogenase measurements
In assessment of pleural effusions
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ABSTRACT

BACKGROUND

Pleural effusions are classified into transudates and exudates based on Light's
criteria, but the main disadvantage of Light's criteria is the misclassification
of transudates as exudates in about 20% of cases. The aim of this study wasto
determinethevalidity of variousbiochemical parametersto differentiate pleural
exudates and transudates.

METHODS

An observational study to evaluate diagnostics tests was conducted at the
emergency department of Persahabatan Hospital, Jakarta, from September 2010
until December 2011. Intotal, 119 patientswith pleural effusion wereevaluated.
Simultaneous pleural effusion and blood samples were examined for lactate
dehydrogenase (LDH), total protein, cholesterol and albumin, with the clinical
diagnosis as the gold standard.

RESULTS

Therewere 104 exudative and 15 transudative pleural effusions. Light’scriteria
achieved ahigher overall accuracy (sensitivity 97%, specificity 80%, accuracy
95%). The optimum cut off valueswere pleural fluid to serumratio of LDH 0.4
(sensitivity 95%, specificity 87%, accuracy 94%) and pleural fluid LDH of
178 1U/L (sensitivity 92%, specificity 87%, accuracy 92%). Pleural fluid
cholesterol was 50 mg/dL (sensitivity 89%, specificity 53%, accuracy 85%),
pleural fluid to serum cholesterol ratio 0.41 (sensitivity 75%, specificity 53%,
accuracy 72%) and serum-effusion albumin gradient 1.3 g/dL (sensitivity 91%,
specificity 73%, accuracy 89%). Combination of biochemical tests did not
improve sensitivity or accuracy.

CONCLUSIONS

Light's criteriaremain superior to other biochemical tests, but the new cut off
values of LDH pleura fluid to serumratio of 0.4 and pleural fluid LDH of 178
IU/L appears to yield a slight improvement in diagnostic accuracy.
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Validitas laktat dehidrogenase pleura sebagai uji tambahan
untuk menilai efusi pleura

ABSTRAK

LATAR BELAKANG

Efusi pleura diklasifikasikan menjadi eksudat dan transudat berdasarkan kriteria Light. Kekurangan kriteria
Light adalah kesalahan mengklasifikasi transudat sebagai eksudat sekitar 20%. Tujuan penelitian ini adalah
menentukan parameter laboratorium yang valid untuk membedakan eksudat dan transudat pada efusi pleura.

METODE

Sebuah studi observasional untuk evaluasi uji diagnostik dilakukan di instalasi gawat darurat RS Persahabatan
Jakarta antara bulan September 2010 — Desember 2011. Uji diagnostik dilakukan pada 119 pasien efusi pleura.
Cairan pleura dan serum digunakan untuk memeriksa laktat dehidrogenase (LDH), protein total, kolesterol dan
albumin. Diagnosis klinik penyebab efusi pleura digunakan sebagai baku emas.

HASIL

Terdapat 104 pasien efusi eksudatif dan 15 pasien transudatif. Kriteria Light mempunyai sensitivitas 97%,
spesifisitas 80%, akurasi 95%. Titik potong optimum didapatkan pada rasio LDH cairan pleura/serum 0,4
(sensitivitas 95%, spesifisitas 87%, akurasi 94%) dan LDH cairan pleura 178 IU/L (sensitivitas 92%, spesifisitas
87%, akurasi 92%). Kolesterol cairan pleura 50 mg/dL (sensitivitas 89%, spesifisitas 53%, akurasi 85%), rasio
kolesterol cairan pleura/serum 0,41 (sensitivitas 75%, spesifisitas 53%, akurasi 72%) dan gradien albumin
serum-cairan pleura 1,3 gr/dL (sensitivitas 91%, spesifisitas 73%, akurasi 89%). Kombinasi ketiga parameter
tidak meningkatkan sensitivitas ataupun akurasi diagnostik.

KESIMPULAN

Kriteria Light mempunyai akurasi diagnostik tertinggi tetapi rasio LDH cairan pleura/serum dengan titik
potong 0,40 dan LDH cairan pleura dengan titik potong 178 1U/L memiliki akurasi yang lebih tinggi dibandingkan
dengan titik potong yang digunakan pada kriteria Light.

Kata kunci: Laktat dehidrogenase, kriteria Light, albumin, efusi pleura

~N

INTRODUCTION

Pleural effusion is the abnormal
accumulation of fluid in the pleural cavities
caused by excessive transudation or exudation
from the pleural surfaces. Pleural effusion may
appear in the course of a known disease, or it
may present without associated symptoms or
previously known cause.® However, regardless
of presentation, pleural effusion is always
abnormal and indicates the presence of an
underlying disease.® The most frequent causes
of pleural effusions are cardiac failure,
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pneumonia, and malignant neoplasm. The
diagnosis of a pleural effusion is based on the
clinical history and physical examination,
followed by chest radiography, analysis of
pleural fluid,® and optionally by other
investigations, such as computed tomography
(CT) of the thorax, pleural biopsy,
thoracoscopy, and bronchoscopy.

The initial step in the search for the
etiology of apleural effusionisto categorizeit
asatransudate or an exudate. For this purpose,
the criteria formulated by Light® have been
extensively used. According to Light'scriteria,
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pleural fluid is classified as an exudate if it
meets at |east one of the following conditions:
pleural fluid-serum protein ratio of >0.5;
pleural fluid-serum lactate dehydrogenase
(LDH) ratio of >0.6; and pleural fluid LDH
concentration of minimally 200 U/L. Light's
criteria have a high sensitivity (almost 100%)
for diagnosing exudates, but have a lower
specificity, and may therefore misclassify a
transudate as an exudate. In a prospective
comparative study of pleural effusions
involving 172 patients, Porcel et a.® found that
approximately 20% of the patients with heart
failurewho weretaking diuretics also met Light
criteriafor an exudate. Exudates require more
diagnostic teststo determinetheir etiology, thus
misclassification of a transudate can have
serious consequences by unnecessarily
subjecting the patient to invasive procedures
and increasing the morbidity of concomitant
diseases, such as cardiac, renal or hepatic
disorders. A number of investigations have been
evaluated for differentiating exudates from
transudates, e.g. a pleural fluid cholesterol
concentration of >60 mg/dL (1.55 mmol/L) or
a pleural fluid protein concentration of >3 g/
dL are considered as indicating an exudate,®
whereas a pleural fluid cholesterol
concentration of <60 mg/dL, and an serum-
pleural fluid albumin gradient (i.e. the
difference between serum and pleura fluid
albumin levels) of <1.2 g/dL are deemed to
indicate a transudate.”)

Theuseof Light’scriteriafor categorizing
pleural effusionsinto exudates and transudates,
asaninitial step in establishing the etiol ogical
diagnosis, suffers from the disadvantage of
misclassification, making it necessary to apply
additional investigations.®® The aim of the
present study was to identify an optimal
combination of markers for differentiating
between exudates and transudates, namely by
measuring LDH and albumin concentrationsin
the pleural fluid, in addition to the traditional
(or standard) Light criteria.
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METHODS

Design of the study

An observational study to evaluate
diagnostics tests was conducted at the
emergency department of Persahabatan
Hospital, Jakarta, from September 2010 until
December 2011.

Study subjects

As study subjects were taken all patients
attending the emergency department at
Persahabatan Hospital and meeting the
inclusion and exclusion criteria. Theinclusion
criteriawere patients with pulmonary and non-
pulmonary disorders presenting with pleural
effusion, who agreed to participate in the study
and give written informed consent. Patientswho
were pregnant or in the postpartum period, who
had a history of thoracic or abdominal
laparotomy, or had coagulation disorders (a
platelet count of < 50,000 per mm3), were
excluded from the study. The optimal sample
size of 83 subjects was determined from a
diagnostic sensitivity of exudates of 0.82, a
significancelevel of 0.05, and apleural effusion
prevalence of 0.75.%9 The sample was sel ected
by non-random consecutive sampling, followed
by clinical and radiological examinations. If the
posteroanterior chest radiograph showed the
presence of fluid in the pleural cavities, the
subject underwent pleural puncture.

Pleural fluid biochemical analysis

Ten milliliter samples of pleural fluid and
5 milliliter of venous blood without added
anticoagulant were collected for analysis at the
24-hour laboratory of Persahabatan Hospital.
Pleural fluid was examined by macroscopy
(fluid color), biochemical investigations
(protein, glucose, LDH, cholesterol, and
albumin), and microscopy (number of cellsand
differential count), while serum biochemistry
comprised the same parameters as pleural fluid,
viz. protein, LDH, cholesterol, and albumin.
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Laboratory instruments used were aHitachi 911
and a Fuchs Rosenthal counting chamber.

Satistical analysis

To determine the cutoff points for the
diagnostic tests a receiver operator
characteristic (ROC) curve was used based on
the results of the pleural fluid and serum
analyses. Subsequently using these cutoff
points, the sensitivity, specificity, positive and
negative predictive values, and accuracy
(proportion of al correctly diagnosed cases: (TP
+ TN) / (TP + FP + FN + TN)) of each
parameter were calculated. The data analysis
was performed by means of the Statistical
Program for Social Sciencesversion 17.0.

RESULTS

Atotal of 119 patientswith pleural effusion
were recruited into this study, with a mean age
of 47.36 + 16.43 years. The mgjority (55.5%)
of the subjectswere males, 40.3% had graduated
from senior high school, and 47.1% were
employeesin the private business sector.

Among the pleural effusions of the subjects
there were exudates in 104 (87%) and
transudates in 15 (13%) patients. Tuberculosis
was the main cause of the pleural effusions,
followed by pulmonary cancers. Regarding the
latter, 42 patients had adenocarcinoma, 2 patients

Assessment of pleural effusions

Table 1. Etiology of pleural effusions

(n=119)
Etinlogy n i
Exudates
Tuberolosis 0 420
Pulmonaty caticer s dé 387
Mediastinal tam ors 3 2.5
Mon-tuberculous infecti ona 3 2.5
Metastatic tum ors in lungs 2 1.7
Transdates
Heart failire 2 a7
Hepatic ctrhosis 4 33
Fenal failiye 3 2.5

had atypical carcinoid tumors and 2 patients
squamous cell carcinoma. Mediastinal tumors
were found in 3 patients, viz. lymphomas in 2
patients and teratomasin 1 patient. Transudates
were mainly caused by heart failure, followed
by hepatic cirrhosis and renal failure (Table 1).

ROC curveswere constructed from serum
and pleural fluid laboratory parameters,
comprising protein, LDH, cholesterol and
albumin, and used to determine the area under
the curve (AUC) using a 95% confidence
interval (Cl), and optimal cutoff points for
Light’scriteria, cholesterol, and albumin (Table
2). Thethree parametersin Light’scriteriahad
AUC values above 90%. Pleural fluid
cholesterol (PF CHOL) and pleural fluid-serum
cholesterol ratio (PF/S CHOL) had an AUC of

Table 2. Area under the curve (AUC), AUC 95% confidence interval (Cl) and optimum cutoff
points for each parameter, for differentiation of exudates and transudates

Criterion AUC SE 95% CI Cutoffp oint
FEMAPROT 0.93 0.04 0.24 -1 0.44
S-PFFROT 021 0.07é 0.72-089 3l gl
FF1LDH 0.20 0.052 0.50 -1 178 UL
FFHELDH 0.92 0.044 0.51 -1 0.4
FF CHOL 0.46 0.093 047 —0835 S0 mgfdl
PFf= CHOL 0.62 0.09% 043 -0%1 0.4
A-PFALE 021 0.0%7a 066 —0.946 12gL
FE/fS ALR 022 0.081 066 - 0.98 0.4

PF/S PROT=pleural fluid-serum protein ratio; S-PF PROT=serum-pleural fluid protein gradient; PF LDH=pleural
fluid lactate dehydrogenase; PF/S LDH=pleural fluid-serum lactate dehydrogenase ratio; PF CHOL =pleural fluid cho-
lesterol; PF/'S CHOL=pleural fluid-serum cholesterol ratio; S-PF ALB=serum-pleural fluid albumin gradient; PF/S
ALB=pleura fluid-serum albumin ratio; Cl=confidence interval
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66% and 62%, respectively. The serum-pleural
fluid protein gradient (S-PF PROT), serum-
pleural fluid albumin gradient (S-PFALB) and
pleural fluid-serum albumin ratio (PF/SALB)
had AUC values of approximately 80%.

On the ROC curve of each parameter, the
cutoff point was sel ected with the best sensitivity
and specificity, and the corresponding sensitivity,
specificity, positive and negative predictive
values, and diagnostic accuracy calculated
(Table 3).

From the three parameters in the Light
criteria, the pleural fluid LDH value of >200
u/L had the highest sensitivity (92%), but by
combining these parameters, their combined
sensitiviy increased to 97%. The pleural fluid-
serum LDH ratio of >0.6 had the highest
specificity (93%), exceeding the 80% of the
three Light criteria. The highest positive
predictive value was found to be 99% for the
pleural fluid-serum LDH ratio of >0.6. Thiswas
slightly higher than that of Light’'s criteria
(97%). The highest negative predictive value
was found to be 80% for pleural fluid LDH,
but this was far lower than that of Light’s
criteria. The diagnostic accuracy of pleural
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fluid LDH was the highest among Light’s
criteria but lower than their combined value.

TheLight criteriaparameterswith their new
cutoff point, i.e. the pleural fluid-serum LDH
ratio of >0.4, had the highest sensitivity, highest
negative predictive value, and highest diagnostic
accuracy in comparison with other parameters.
On the other hand, the specificity and positive
predictive values of the three parameters with
the new cutoff point were the same. In
comparison with the standard Light criteria
parameters, the pleural fluid-serum LDH ratio
of 0.4 had ahigher sensitivity, negative predictive
values, and diagnostic accuracy than other
parameters, while the specificity and positive
predictive values of the three new parameters
were the same.

On the ROC curve a cutoff point was
found with the best sensitivity and specificity
for the cholesterol parameter, i.e. apleural fluid
cholesterol value of 50 mg/dL and a pleural
fluid-serum cholesterol ratio of 0.4.

The results of the ROC curve analysis
yielded a cutoff point with the best sensitivity
and specificity for a pleural fluid-serum
albumin gradient parameter value of 1.3 g/dL

Table 3. Diagnostic test results for parameters for classification of exudates,
expressed in percentages

Parameter TP FP FN TN  Semsitivity Specificiy PPY NPV Accuracy
PF&E PROT =0.5 24 20 d 13 g1 a7 98 39 8l
PFE LDH=0.4 26 18 1 14 23 03 o9 44 ad
PFLDH =200 24 g 2 13 L 87 98 6l 91
Light'scriteria 101 3 3 12 o7 20 a7 20 25
PES PROT =045 93 11 2 13 29 87 98 54 ag
3-FF PROT <31 24 20 4 11 g1 73 95 35 al
FF/E LDH=0.4 g9 5 2 13 95 27 9% 7a 24
FFLDH =178 L] E 2 13 92 57 9% fi 91
FFCHOL =30 93 11 7 S 29 33 93 42 a5
FF/&3 CHOL =041 T3 26 7 75 33 9z 23 T2
a-PF &1L B=<13 ] g 4 11 91 73 ] 35 a9
PFE ALE =06 94 10 3 12 20 a0 27 55 a9

TP=true positive; FP=fa se positive; TN=true negative; FN=fal se negative; PPV =positive predictive value; NPV =negative
predictive value; PF/S PROT=pleural fluid-serum protein ratio; S-PF PROT=serum-pleural fluid protein gradient; PF
LDH=pleura fluid lactate dehydrogenase; PF/S L DH=pleural fluid-serum lactate dehydrogenase ratio; PF CHOL =pleural
fluid cholesterol; PF/S CHOL=pleural fluid-serum cholesterol ratio; S-PF ALB=serum-pleural fluid albumin gradient;

PF/S ALB=pleura fluid-serum abumin ratio
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and apleural fluid-serum albumin ratio of 0.6.
The specificity and positive predictive values
of the pleural fluid-serum albumin ratio
parameter were higher than that of the serum-
pleural albumin gradient parameter.

DISCUSSION

This study found that the majority of
pleural effusions (87%) were exudates cansed
by local disease of the thoracic cavity, and that
the remaining 13 % were caused by systemic
diseases. Similar resultswere reported by Afful
et al.,*» where 84% of patients had exudative
effusions. Studies performed in countries with
a high TB prevalence found that exudative
effusions were more frequent than transudative
effusions. A similar result wasreported by Leers
et a., who found that exudative effusions
accounted for approximately 75% of all
effusions. In our study 38.7% of the effusions
were exudates due to malignancy. Essentially
the same results were obtained in a US study
involving 44 subjectswith pleural effusion, with
mean age of 46 + 11.1 years, which showed
that the proportion of exudates due to
malignancy was 55.0%. Thefirst step in the
diagnosis of patientswith pleural effusionisto
differentiate between exudates and transudates.
In this connection, numerous studies have been
conducted to evaluate the use of biochemical
markers for differentiating exudates and
transudates. The markers commonly used are
the Light criteria, comprising determination of
pleural fluid-serum protein ratio, pleural fluid
LDH concentration, and pleural fluid-serum
LDH ratio. Our study found sensitivity and
specificity values of 97% and 80%,
respectively, for Light’s criteria, while the
diagnostic accuracy was 95%. Similar results
were obtained in the study conducted by
Gonlugur et al.,¥ who reported a sensitivity
of 96% for Light's criteria. However, for the
specificity and diagnostic accuracy of these
criteriathese authors found values of 59% and
88%, respectively. A study conducted with 249
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subjects, with mean age of 61 + 17 years,
obtained a value 93% for the accuracy of the
Light criteria, which is consistent with our
results.®

In addition to the use of the standard Light
criteria, several studies attempted to find new
cutoff pointsfor the Light criteria parameters.
In these studies the ROC curve was used to
obtain lower cutoff pointsfor pleural fluid LDH
concentration, namely 178 IU/L, with 92%
sensitivity, 87% specificity, and 92% diagnostic
accuracy. This new cutoff point was similar to
the standard cutoff point of 200 |U/L. Gonlugur
et al. obtained ahigher cutoff point for pleural
fluid LDH (377 1U/L), with sensitivity of 75%,
specificity of 83%, and diagnostic accuracy of
77%. In the present study, at the cutoff point of
0.4 for thepleural fluid LDH ratio, asensitivity
of 95%, specificity of 87% and diagnostic
accuracy of 94% were found. In comparison
with the cutoff point of 0.6 for the Light criteria,
our study obtained a higher sensitivity and
diagnostic accuracy with the new cutoff point.
TheLight criteriaas modified by the new cutoff
point did not result in an increased sensitivity,
specificity, and diagnostic accuracy.

In addition to abovementioned criteria,
other frequently used parameters are pleural
fluid cholesterol, pleural fluid-serum cholesterol
ratio, and serum-pleural fluid albumin
gradient.(” The pleural fluid cholesterol
concentration has been used in cases of heart
or renal falure treated with diuretics, where a
value of >60 mg/dL (1.55 mmol/L) suggests
the presence of an exudate.® In our study, the
pleural fluid cholesterol concentration and the
pleural fluid-serum cholesterol ratio had low
AUC values (66% and 62%, respectively). At
a cutoff point for pleural fluid cholesterol of
50 mg/dl we found the sensitivity to be 89%,
with the substantially lower specificity of 53%.
The pleural fluid-serum cholesterol ratio with
acutoff point of 0.41 had a sensitivity of 75%
and a specificity of only 53%. Differing results
were obtained by Leerset al.,*? who found that
pleural fluid cholesterol at a cutoff point of 60
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mg/dl had a sensitivity of 75.7% and a
specificity of 98.1%, thelatter being higher than
that found in our study. A high specificity for
pleural fluid cholesterol was also obtained in
the study conducted by Guleria et al.*” Leers
et al.*? conclude that pleural fluid cholesterol
and LDH measurements may be used to
differentiate exudates from transudates with a
higher diagnostic accuracy. Determination of
pleural fluid cholesterol and LDH do not require
the simultaneous collection of serum samples,
thus reducing the number of examinations.

Several studies found that the serum-
pleural fluid albumin gradient may also be used
in the differentiation of exudates and
transudates. In cases where the clinical
evaluation indicates the presence of a
transudate, whereas pleural fluid analysis
indicates an exudate, then it becomes necessary
to determine this parameter. In nearly all
patientsin whom the serum albumin hasavalue
of 1.2 g/dL above the pleural fluid albumin,
the effusion will be transudative in nature. Our
study shows a cutoff point of 1.3 g/dL for the
serum-pleural fluid albumin gradient, with 91%
sensitivity, 73% specificity, and 89% diagnostic
accuracy. These values differ from those
obtained in the study conducted by Leers et
al.,*? with a cutoff point of 14.5 g/L for the
serum-pleural fluid albumin gradient, having a
lower sensitivity (44.0%), a higher specificity
(88.9%) and a far lower diagnostic accuracy
(55.9%). The serum-pleural fluid albumin
gradient at the cutoff pont of 1.2 g/dL hasbeen
found to be capable of correctly classifying 95%
of transudates and exudates.(” Singh et al.(®
also found that the use of the serum-pleural fluid
albumin gradient correctly identified all cases
of transudative pleural effusion with 97.2%
sensitivity and 100% specificity, with only one
case from 36 cases of exudative pleural effusion
being misclassified. Therefore the serum-pleural
fluid albumin gradient may be regarded as an
effective discriminator between exudates and
transudates, except in patients with
hypoal buminemia.
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The pleural fluid albumin fraction
originatesfrom serum by aprocess of diffusion.
Increases in albumin production frequently
results in adjustments in the pulmonary
microvascular endothelium, which lead to
increased fluid leakage, raised proteinlevel, and
lowered serum-pleural fluid albumin gradients.
The highest serum-pleural fluid albumin
gradient occursin transudative effusions, since
there is a low albumin filtration rate through
therelatively normal pleural microvasculature.
In exudative effusions, the microvasculatureis
damaged, allowing progressively higher
amounts of albumin to enter the pleural cavity,
depending on the severity of the lesion. The
etiology of exudative effusions involves
inflammation, changes in the pulmonary and
pleural microvasculature leading to ahigh fluid
leakage rate, high protein levelsand alowered
serum-pleural fluid albumin gradient.(”

By combining the pleural fluid LDH
parameters of the Light criteria with pleural
fluid cholesterol values, asensitivity of 86%, a
specificity of 87% and a diagnostic accuracy
of 86% was obtained in the present study. By
combining a pleural fluid LDH concentration
of >207 IU/L or aserum-pleural fluid albumin
gradient of <1.3 g/dL, Gonlugur et al.(¥
obtained a sensitivity of 95%, a specificity of
69% and a diagnostic accuracy of 89%. Thus
it turns out that combining the three Light
criteriaparametersdid not increase either their
sensitivity, specificity, or diagnostic accuracy.
In most cases of pleural effusion, pleural fluid
analysis vyields important diagnostic
information, and in certain cases, the use of
Light’s criteriaaoneis enough for etiological
diagnosis. However, to overcomethelimitation
of misclassification by using the criteria of
Light et al.,® the new cut-off values of LDH
pleural fluid to serum ratio of 0.4 and pleural
fluid LDH of 178 U/l appears should be used,
to yield an improvement in diagnostic accuracy
in the differentiation of exudates and
transudates in clinical practice.
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The cost of performing pleural fluid LDH
determinations is affordable and provides
essential diagnostic support to the clinicians,
enabling them to avoid misclassification of
transudates as exudates that may lead to
unnecessary and costly investigations, thus
obviating the need to order bronchoscopic
procedures and computed tomography scans.

CONCLUSIONS

The Light criteria have a high sensitivity
and diagnostic accuracy. Determination of
pleural fluid LDH concentration is a valid
means for distinguishing exudates from
transudates. Further studies of prospective
design are necessary to test the validity of
various parameters with newer cutoff points.
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